In the frame of an on-going 4-years research project, the Aviation Academy Safety Management Systems (AVAC-SMS) metric for the self-assessment of aviation Safety Management Systems (SMS) was designed based on the Safety Management Manual of the International Civil Aviation Organization and in cooperation with knowledge experts and aviation companies. The particular metric evaluates three areas, namely (1) the degree of institutionalisation of SMS (design and implementation of processes), (2) the extent of managers' capability to deliver the SMS processes, and (3) the employees' perceived effectiveness of the SMS-related deliverables. The metric concludes with a score per area and per SMS component/element assessed, and it is scalable to the size and complexity of each organisation. Results of a survey at 18 aviation companies did not show statistically significant differences in their SMS scores across all three assessment areas but revealed a distance between the area of Institutionalization and the areas of Capability and Effectiveness. Also, differences were detected regarding the scores per SMS component and element within and across companies and assessment areas. The various assessment options offered for the AVAC-SMS metric accommodates the resources each SME and large company can invest in the application of the metric. Even the lowest level of resolution of the SMS metric can trigger companies to investigate further their weaker areas and foster their SMS-related activities. Therefore, the AVAC-SMS metric is deemed useful to organisations that want to self-assess their SMS and proceed to comparisons amongst various functions and levels and/or over time.
INTRODUCTION
In September 2015, the Aviation Academy of the Amsterdam University of Applied Sciences initiated the research project entitled "Measuring Safety in Aviation -Developing Metrics for Safety Management Systems" which is co-funded by the Regieorgaan Praktijkgericht Onderzoek SIA † . The project responds to three specific needs of the aviation industry as these were expressed during a roundtable in September 2014 (Aviation Academy, 2014) and confirmed during the first phase of the research (Karanikas, Kaspers, Roelen, Piric, & de Boer, 2016b; Kaspers, Karanikas, Roelen, Piric, & de Boer, in press ): (1) Small and Medium Enterprises (SME) lack large amounts of safety-related data to measure and demonstrate their safety performance proactively, (2) large companies might obtain abundant data, but they need safety metrics which are more leading than the current ones and of better quality and (3) the transition from compliance-based to performance-based evaluations of safety is not yet backed with specific tools and techniques. Therefore, the research aimed to identify ways to measure safety proactively in scientifically rigorous, meaningful and practical ways without the benefit of large amounts of data and with an emphasis on performance rather than mere compliance (Aviation Academy, 2014) . Following the mapping of the current situation through literature review (Karanikas et al, 2016b; Kaspers et al., in press ), a survey regarding the currently used metrics (Karanikas et al, 2016a; Kaspers et al., 2016; Kaspers et al., 2017) and the design of new safety metrics , the safety current paper focuses on the metric designed for the self-assessment of Safety Management Systems (SMS) (Karanikas et al, 2018) .
The Aviation Academy SMS assessment metric/tool (named as AVAC-SMS) was developed based on the Safety Management Manual of ICAO (2013) and the System Theoretic Process Analysis (STPA) technique (Leveson, 2011) . The specific metric incorporates the view of SMS as a system by addressing the areas of institutionalisation (i.e. design and implementation along with time and internal/external process dependencies), capability (i.e. to what extent managers have the capability to implement the SMS) and effectiveness (i.e. to what extent the SMS deliverables add value to the daily tasks of employees). The assessment of each of these assessment areas leads to individual scores which can illustrate the gaps between them.
It is clarified that an SMS assessment with the use of the suggested metric can be viewed as a starting point; depending on the results of SMS self-assessments, organisations can proceed to collection of qualitative data with a focus on the weakest areas revealed by the initial assessment. Moreover, the scores of each SMS area and per SMS component and element can be examined further to detect differences amongst organisational levels and functions and indicate areas where the gaps between Work-as-Imagined (a.k.a. WaI) and Work-as-Done (a.k.a. WaD) are higher and necessitate interventions with higher priority.
Regarding the differences between the proposed metric and existing instruments, such as the ones developed by Eurocontrol (2012) , SMICG (2012) and EASA (2017) , the AVAC-SMS tool was based on STPA (Leveson, 2011 ) that provides a consistent and systematic manner for assessing a system without excluding the value of expert judgment and staff perceptions. The AVAC-SMS metric (1) includes dependencies, which are not explicitly addressed in current tools, (2) assesses the SMS capability as proxy for the SMS suitability, which cannot be evaluated through existing tools due to the lack of respective instructions, and (3) employs a specific set of questions as proxies for the SMS effectiveness based on the three principal traits of process deliverables (i.e. quantity, quality and timeliness), whereas current tools attempt to evaluate the latter through questions formulated based mostly on experience.
The detail of assessment concerned, the metric offers different options depending on the resources each organisation plans to invest in SMS assessment. The list mentioned below is in descending order of detail; a more elaborate description of the AVAC-SMS is presented in the next paper section:
• SMS institutionalisation (Safety Department Whereas the longer SMS assessment can be expected as sufficiently valid and reliable (i.e. SMS institutionalisation at the task level and SMS capability and effectiveness at the element level), these characteristics for the short and medium scale assessments were tested through the application of the metric to companies, as explained in the respective section below. The metric designed for the self-assessment of SMS fills the gaps of existing tools but is not meant to replace formal audits. It is supposed to complement current SMS assessment tools used in audits and enable organisations to perform a systematic evaluation of their SMS to the extent desired and detect strong and weak areas. It is envisaged that the metric satisfies the requirements for a performance-based assessment and it is uniform in the sense that it can be used by any aviation organisation/service provider with an established ICAO-based SMS.
METHODOLOGY
To test the AVAC-SMS metric through the collection of real-world data and examine its value to detect gaps between the Institutionalisation, Capability and Effectiveness areas of SMS as well differences amongst companies, we transferred the respective questionnaires to the Qualtrics platform ‡ and invited aviation companies to participate in the surveys. In total, 18 large and SME companies participated at least in one of the questionnaires per SMS assessment area: 14 from Europe, 2 from North America, 1 from Africa and 1 from the Pacific Region. The company types, sizes and numbers participated in the surveys are presented in Table 1 . The questionnaires were offered at three different resolution levels yielding a total of nine questionnaires with respective estimated completion times ( Figure 1) ; the latter were communicated to the companies to inform their decision-making about the resources they would invest in the SMS assessment. It is clarified that the Task level concerned, the indicated time of 4 hours reflects the duration of filling the questionnaire after the respondent has collected all relevant SMS documentation and logs (e.g., audit and training reports). Other (airports, ground handlers etc.) Large 6 SME 1 Total Large 10 SME 8 Table 2 presents the distribution of questions for the task level of the institutionalisation dimension. The task level included compliance and implementation questions as well as time and process dependencies. The 149 questions were divided into three aspects: Design (i.e. compliance), Implementation (i.e. realisation of design) and Dependencies (i.e. observing SMS process interfaces and timeliness). The different numbers of questions per SMS element are attributed to the various levels of description of the respective process in the Safety Management Manual (ICAO, 2013) and were finalised based on the comments received during the design of the metrics. Apart from the task level that was the one with the highest resolution, a fixed number of questions were presented for the Institutionalization at the Element and Component levels. In alignment with the dimensions assessed through the Task-level questionnaire, four questions were asked per element/component in correspondence with the four following dimensions:
• Design (i.e. according to standards) • Implementation (i.e. realisation of design)
• Timeliness (i.e. implementation activities at the proper time)
• Dependencies (i.e. use of inputs/outputs from other SMS elements/components) Similarly, for Capability, there were six dimensions measured per element/component/overall SMS:
• Skills (i.e. staff knowledge and competencies to implement SMS tasks assigned)
• Means (i.e. availability of equipment and resources to implement SMS) • Conflicts (i.e. different persons implementing SMS tasks but with divergent or opposite practices) • Information (i.e. availability of information required to execute SMS tasks)
• Timeliness (i.e. timely reception of information necessary to perform SMS tasks)
• Disturbances (i.e. degree of other internal or external disturbances affecting negatively the execution of SMS tasks)
For the SMS Effectiveness assessment, there were three dimensions the employees were asked to evaluate:
• Quantity (i.e. sufficiency of SMS deliverables)
• Quality (i.e. quality of SMS deliverables)
• Timeliness (i.e. reception of SMS deliverables when proper/needed) The companies were free to determine the level of assessment that best matched their structure, size and resource capacity and select who and how many employees filled out the questionnaires. Table 3 shows the participation (denoted by "X") and data points in brackets per questionnaire and company. The Institutionalization excluded (i.e. the specific questionnaires were targeted only to the safety department, and a single data point was the minimum required), the participation of employees in the rest of the SMS areas was not representative of the population of most of the companies. Therefore, the results for the whole sample could be only indicative. 
Company Code
Institutionalisation assessment level (sample size in brackets)
Capability assessment level (sample size in brackets)
Effectiveness assessment level (sample size in brackets)
The institutionalisation questionnaires were filled by the safety management department of each company which was requested to fill in at least two out of the three SMS assessment levels (i.e. task, element and component). The latter was to afford comparisons of the results yielded from different assessment levels and, possibly, allow companies to select a certain level of detail that would be most appropriate for their available resources. In general, the aim, on the one hand, was to check the consistency between different levels of assessment, and, on the other hand, to respect the resource and time limitations of the companies.
Regarding the other two SMS assessment areas, companies were invited to engage in the survey multiple managers (i.e. SMS capability) and work floor staff (i.e. SMS effectiveness). Companies were invited to fill out one capability and effectiveness questionnaire at any of the different SMS assessment levels out of the three available (i.e. element, component, overall SMS). As shown in Table 3 , irrespective of the instructions provided, a few companies opted to fill in capability and effectiveness questionnaires at more than one levels, as with the institutionalisation. Due to the limited sample, we were not able to compare the scores between different assessment levels for the capability and effectiveness areas.
Most of the questions could be answered by entering a percentage between 0 and 100 in increments of 20%. Only the Design questions of the Task level had a binary choice of 0% or 100% because they referred to specific SMS items that, naturally, are present or not; for example, an SMS policy can exist or not, and the answer could not take any intermediate value for partial compliance. As multiple employees per company performed the questionnaires, data were averaged by omitting null responses. The responses per entry were only included if at least 75% of the questions were answered. The calculations were performed as follows (see Appendix A for the detailed formulas):
• Questions for each element, component or overall SMS per entry were obtained by combining the averaged responses for the questions in that particular element, component or the overall SMS.
• For each SMS capability and effectiveness questionnaire, data were averaged over employee answers to come to a single value per question and company.
• Population scores were obtained by averaging over company scores.
• The results were also calculated per SMS area and dimension assessed.
Additionally, aggregated values to obtain results at higher levels (e.g., deriving results at a component level based on element scores) were obtained by averaging over questions related to the corresponding element, component, or overall SMS. We expected that there would be no significant differences amongst the final scores calculated at the SMS, component or element levels of aggregation for a single questionnaire. This was checked by applying the Cronbach's Alpha to determine the degree of agreement, where a value of "1" amongst the scores would represent a complete agreement (i.e. companies can use the score of any level of aggregation) and a value of "0" would correspond to a complete disagreement (i.e. the level to which a score is aggregated reflects a different SMS assessment score).
To examine associations between the constructs assessed through the questionnaires, we applied the Pearson's correlation coefficient between SMS scores as follows:
• Questionnaires of the SMS institutionalisation at different levels (i.e. Task, Element and Component levels). As explained above, this would indicate to what degree companies could confidently use questionnaires of various resolution levels to assess the particular SMS area. For example, if an assessment at the level of SMS component would be strongly correlated with the results from an assessment at the SMS element level, where the former has fewer questions compared to the latter, then companies could choose to use the SMS component questionnaire to save resources needed for the surveys to assess their SMS institutionalization. • Questionnaires representing the three different SMS assessment areas of Institutionalization, Capability and Effectiveness. Particularly, we were interested in examining the relationships between the pairs of Institutionalization-Capability, Institutionalization-Effectiveness and Capability-Effectiveness as a means to indicate possible mutual dependencies of the respective constructs. For these calculations, we considered the scores available per company regardless of the resolution level of assessment. If a company opted for multiple assessment levels, we used the score generated from the data of the most detailed level.
RESULTS

Reliability Tests and Overall Scores per Company
The results from Cronbach's Alpha suggested that the scores at various level of aggregation (i.e. Task, Element and Component) were highly correlated, as it can be appreciated from Table 4 . As such, only the overall SMS score per questionnaire was used for further calculations. The different scores per SMS area are presented in Table 5 ; the scores yielded per company at the highest resolution level, where applicable, are marked in bold. Kolmogorov-Smirnov tests showed that the data were normally distributed without statistically significant differences across the sample (p>0,05). The data suggest that Institutionalisation scores ranged from 0.59 to 0.97 (N=17, M=0,81, SD=0,12), Capability yielded scores between 0,54 and 0,86 (N=15, M=0,72, SD=0,09), and the Effectiveness scores ranged from 0,57 to 0,94 (N=16, M=0,75, SD=0,11). The detailed scores per assessment area, level and dimensions were communicated to the companies through individual reports. 
Institutionalization
The results included in this section are presented graphically in Appendix B. At the component level of assessment (Figure B.1) , the overall SMS score was 82,7% with Policy & Objectives (PO) and Safety Assurance yielding about 85% and Risk Management and Promotion (PR) scoring about 80% each. The dimensions concerned ( Figure B. 2), Design yielded the highest score (94,2%), followed by Implementation (84,4%), Timeliness (81,7%) and Dependencies (70,5%).
The findings from the assessment at the element level suggest that the picture regarding the differences across dimension scores remained the same ( Figure were the ones with scores higher than the overall average, whereas the rest of the elements scored lower than the average. The elements with the two highest scores were HI (86,7%), and RAM (85,2%) and the ones with the lowest scores were Change Management (CM) (74,9%) and Continuous Improvement (CI) (79,0%).
At the highest resolution level of SMS tasks, the overall score was (83,9%) with almost equal percentages of the Design, Implementation and Dependencies dimension scores (Figure B .6). The elements which scored higher than or equal to the overall score ( Figure B .5) were Emergency Response Planning (ERP), SD, HI and TE. The two lowest performed elements were Performance Measurement and Monitoring (PMM) (80,0%) and Communication (COM) (78,8%). When examining the dimensions per element (Figure B.6) , the best-designed ones were SD, RAM and CM, whereas RKP yielded the lowest score. The implementation concerned, SD and TE scored visibly higher than the overall percentage and CM was rated lowest compared to the rest of the elements. Regarding the dependencies dimension, the highest scores were observed for RKP and ERP, and Communications had the lowest score.
Capability
The results included in this section are presented graphically in Appendix C. The overall SMS capability at the component level of resolution was 72,0% without major differences amongst the scores per component ( Figure C.1) . The dimensions concerned ( Figure C. 2), Skills and Means had the highest scores (81,5% and 78,0% respectively) whereas the Disturbances scored with 57,5%; it is clarified that the latter score reflects the extent to which disturbances do not affect the implementation of SMS activities. At the element level of resolution ( Figure C.3) , the overall capability score was calculated lower (70,7%); TE and PMM yielded the highest capability scores (77,8% and 75,9% correspondingly), and CM had the lowest capability percentage of 67,3% followed by Accountabilities & Responsibilities (AR), RKP and CI with scores around 68%. Regarding the dimensions ( Figure C.4) , their differences remained similar to the ones revealed by the assessment at the component level of resolution.
The least detailed assessment level concerned ( Figure C .5), there were insufficient data points to perform calculations. From a qualitative view of the respective graphs, it seems that the SMS capability scored higher than the element and component resolutions and, although the relative scores of Skills, Means and Disturbances remained similar to the scores obtained by the higher resolutions, the Information and Timeliness dimensions were rated as higher.
Effectiveness
The results included in this section are presented graphically in Appendix D. At the component assessment level (Figure D.1) , the overall SMS effectiveness scored 78,2% with PO performing lowest (75,0%) and PR highest (81,4%) across the various components; the dimensions of quantity, quality and timeliness did not differ remarkably ( Figure D.2) . The element level concerned ( Figure  D. 3), the overall SMS score was lower (69,8%) than the component resolution level, with the elements of HI and RAM yielding the highest scores (81,4% and 77,2% respectively); the lowest effectiveness was recorded for TE (64,5%), PMM (65,8%) and AR (64,9%). In this case, too, the dimensions did not show notable differences ( Figure D.4) . The lowest resolution assessment resulted in the score of 78,8% for the SMS and almost equal distribution of the values across the three dimensions ( Figure D .5).
Statistical Tests
The correlations between the pairs of the three resolution levels of the institutionalization assessment showed a high agreement: r=0, 748, p=0, 033) , ElementComponent (N=8, r=0, 853, p=0, 007) . The Task-Component pair had only four data points and was not included in the calculations. The correlations between the three different constructs (i.e. Institutionalization, Capability, and Effectiveness) were not statistically significant.
DISCUSSION
Although the companies did not show statistically significant differences in their SMS scores across all three assessment areas, the sample averages showed a distance between the area of Institutionalization and the areas of Capability and Effectiveness. It must be noted that the scores between these areas must be read as follows regarding the WaI-WAD gaps:
• The Institutionalization score (0,81) shows a 1-0, 81=0,19 (or 19%) gap from the ideally designed and implemented system according to standards, briefly referred as ideal system hereafter. The ideal system assumes not only compliance but also effective implementation and added value of SMS to the organisation.
• The Capability score (0,72) refers to the degree the existing Institutionalization activities can be fully realized (i.e. 72% level of realization). This means that the overall distance of the Capability (i.e. managers) from Institutionalization (safety department) is 1-0,72=0,28 (or 28%) and from the ideal system is 1-(0,72*0,81) =1-0,58=0,42 (i.e. 42%).
• The Effectiveness score (0,75) refers to the degree the employees perceive positively the SMS products that managers deliver (i.e. 75% value of the SMS products delivered). This means that the distance of Effectiveness (i.e. employees) from Capability (i.e. managers) is 1-0,75=0,25 (or 25%), from Institutionalization (i.e. safety department) is 1-(0,75*0,72) =1-0,54 =0,46 (or 46%), and from ideal system is: 1-(0,75*0,72*0,81) =1-0,44 = 0,56 (or 56%).
The final value of the third bullet point above (i.e. 56%) can be roughly seen as the total SMS assessment score. However, this number can be only used for illustrative purposes and not as an absolute measurement since it has not been internally or externally validated. The fact that there were no significant correlations amongst the Institutionalization, Capability and Effectiveness means that higher or lower performance of companies in one SMS area was not associated with the scores of the rest of the areas. This indicates that the three constructs are independent of each other and they measure different aspects.
When considering the more detailed results per area, the overall SMS institutionalisation scores were comparable regardless of the level of assessment (i.e. Tasks, Components or Elements). However, the dimensions evaluated through the Component and Element level questionnaires revealed that Design (i.e. compliance to standards) scored considerably higher than the other dimensions and Dependencies (i.e. sharing and usage of deliverables generated by other SMS processes) collected the lowest rates. The Implementation and Timeliness scores fell in about the middle between Design and Dependencies. This suggests that companies adhere to planning their SMS elements and components as prescribed in the standards and they are close to its implementation as intended, but they might not have operated their SMS by adequately adopting a systems perspective that also considers the timeliness of activities and mutual dependencies. However, the Design, Implementation and Dependencies (i.e. time and input/output dependencies combined) did not differ when assessed at the most detailed level of SMS processes. This discrepancy might be attributed to the different types of questions posed to the participants; at the component and element assessment levels, the researchers used wording that was directly linked to the concepts of design, implementation, timeliness and dependencies, which might be perceived differently by various assessors.
Moreover, in addition to the gaps between the dimensions, there were differences amongst the SMS elements in overall and within each dimension. Although the results were not identical between the element and task levels of assessment, it is worth to notice that the former level concerned, Hazard Identification (HI) and Risk Assessment and Mitigation (RAM), which belong to the same SMS component and are seen by the industry as highly important, yielded the highest scores. HI was also found amongst the highest scoring elements in the task assessment level along with higher-than-average scores of Safety Documentation (SD) and Training & Education (TE) in both levels of assessment. Overall, the differences across and within dimensions, elements and components denote that companies, explicitly or implicitly, did not give the same gravity to the various SMS items. Although there is no empirical research to support a weighing between SMS components and elements, perhaps the lack of resources in combination with different perceptions about the contribution of the various SMS processes to achieve safety objectives might have driven the investment of company efforts differently across SMS items and dimensions.
Regarding the SMS capability, the scores in overall and per parameter did not differ remarkably between the element and component levels of assessment. The fact that Skills and Means parameters had the highest scores indicates that companies focus much on the competencies of personnel and the equipment available to perform their SMS tasks. However, the low score of Disturbances means that managers were not always able to concentrate on their SMS activities due to external factors. When observing the differences amongst the scores of elements, it seems that management tasks were highly focused on TE and Performance Measurement & Monitoring (PMM), which rather reflect the overall emphasis of the industry on staff skills and measuring safety-related aspects. On the other hand, the softer SMS elements such as Continuous Improvement and Change Management scored lower; this possibly signals that managers preferred to steer their efforts and resources to elements with more immediate and visible results.
The SMS effectiveness concerned, the scores were similar for the component and overall SMS levels of assessment, but higher for the element level of assessment, which was the most detailed one. The component assessment level concerned, the fact that Policy & Objectives (PO) scored the lowest whereas Promotion (PR) scored the highest maybe reflects the different levels of employees' affection to the corresponding SMS activities. The former component regards mainly managerial tasks, the deliverables of which might not be immediately or visibly available at the workforce to the same extent as safety communication, training and educational activities. The latter naturally involve a higher degree of interaction with frontline employees. However, the results from the element level of assessment were considerably different; employees perceived the effectiveness of the Risk Management elements as the highest, while they rated as lowest the TE that belongs to the PR component. Although the researchers cannot explain these differences, it seems that especially for the area of SMS effectiveness, the level of assessment resolution affects the results dramatically. This might be a result of a different understanding across personnel of what each element and component entails; the questionnaires administered included brief descriptions of each SMS component and element, but this proved rather insufficient.
CONCLUSIONS
The application of the AVAC-SMS metric showed that it has adequate sensitivity to capture any gaps between WaI and WaD amongst different SMS components and levels and across organisations regarding the areas of SMS Institutionalisation, Capability and Effectiveness. Also, the application of the metric revealed interesting differences amongst the various aspects measured: Design, Implementation, Timeliness and Dependencies. However, the relatively small sample of companies and restricted number of managers and employees participating in each company render the findings only indicative and not conclusive. Also, this limitation did not allow to perform comparisons between large companies and SMEs as well as amongst companies with different operational activities (i.e. airlines, air navigation service providers, airports and ground services).
We acknowledge that the study described in this report was exploratory and not explanatory, and the design of the research with different options of assessment resolution might have threatened the precision and comparability of the findings. Also, the metric is designed to collect self-reported data regarding the various dimensions of the SMS areas assessed and, consequently, the findings could have been affected by socially desirable answers. However, we expect that such effects were minimised because the AVAC-SMS metric was communicated to the companies as a selfassessment and not an auditing tool, the participation in the research was voluntary, and we guaranteed the anonymity of the companies as well as their managers and employees. Hence, we believe that the results presented above in combination with the ones communicated to the companies (i.e. company scores and benchmarking against the rest of the sample) can trigger them to investigate further their weaker areas and foster their activities related to SMS. Although based principally on perceptions, the AVAC-SMS metric is deemed as useful to organisations that want to self-assess their SMS and proceed to comparisons amongst various functions and levels and/or over time.
On the side of practicality, the various assessment options offered for the AVAC-SMS can accommodate the resources each SME and large company can invest in the application of the metric. Although the statistical tests showed significant associations between the options for the Institutionalization at the overall SMS score, the differences observed between the three options (i.e. Tasks, Components and Elements) when considering the scores yielded per element, component and dimension indicate that the level of resolution chosen depends on what the organization wants to measure. If the overall SMS score is needed, then even the lowest level of resolution can be used. However, if a company seeks for a deeper and more valid assessment, it is advisable to use the most detailed assessment option that can afford. Regarding the AVAC-SMS areas of Capability and Effectiveness, the sample was not sufficient to perform statistical tests between different levels of assessment to suggest whether the various resolutions lead to similar scores. However, this will be considered in the future application of the metric.
Finally, although the research team required from companies to share their figures of the activity and safety data (e.g., number of safety incidents, volume of flights) as a means to check associations of these with the scores of the AVAC-SMS, the data collected was insufficient to perform statistical calculations. Therefore, at this stage, we could not determine whether the AVAC-SMS has any predictive validity. The researchers plan to run a second round of surveys to apply the metric and collect safety/activity data from more organizations. Hence we anticipate that we will be able to test the metric against safety performance and activity figures. Nonetheless, irrespective of the possible associations of the AVAC-SMS metric with safety outcomes, its application and findings communicated in this report are supportive of its usefulness, practicality and potential value for the companies that are interested in assessing their SMS, reveal gaps amongst the specific assessment areas of the metric and get insights into their strong and weak points to improve further the way they manage safety.
Although the AVAC-SMS metric was designed based on STPA, which is a recognised analysis technique, and incorporates the comments of knowledge experts and practitioners stated during the peer-reviews, further research is proposed to perform a more systematic comparison between the particular metric and other SMS assessment tools used in the aviation industry. Such research could collect the views of the industry regarding the relative strengths and weaknesses of the AVAC-SMS metric against others.
APPENDIX A
All calculations are based on scores (the responses to the questions), the maximum score, the ratio, and distance from the maximum score. There were 149 questions each relating to a specific task. The response to task i is given by % & . The number of tasks in element i is given by ) & , the number of elements in component i is given by * & , and the number of questions for each element or component for questionnaires are those level is denoted by + .
Each outcome measure is determined by first calculating a maximum score and a distance score, representing the distance between the scores and the maximum. The outcome measure O is then calculated as = 1 − 0 1 . The measure can in some cases be weighted or unweighted, denoted by a superscript W or U, respectively. If these are equal th,en this will be omitted. 
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